Diabetes mellitus is a progressive metabolic disease and it has affected considerable percentage of population throughout the world. Epidemiologic data indicated that 2.8% of the world\'s population was diabetic in the year 2000 and it may progress to 4.4% of the world\'s population by 2030. It affects all age groups of people and ethnic groups.\[[@ref1]\] In India, statistical analysis revealed that the number of diabetics will rise to 57 million in the year of 2025 compared to 15 million diabetics in 1995.\[[@ref2]\] The pathogenesis of both type 1 and type 2 diabetes are different, but hyperglycemia and its associated complications are common in both conditions.\[[@ref3]\] In diabetes, elevated level of lipid profile are commonly reported that increases the cardiovascular complications.\[[@ref4]\] Presently, diabetes is managed or controlled using pharmacologic agents and nonpharmacologic methods, such as diet and exercise. However, all the pharmacologic agents are not devoid of adverse effects and it triggers scientific community to search for new drugs from all possible sources, including traditional medicines, which might be less toxic when compared to the available drug therapy.\[[@ref5]\] Moreover, diabetic complications lead to morbidity and mortality due to multiple defects in its pathophysiology.\[[@ref6]\] Presently, research is focused on traditional medicinal plants and herbs, which are used as potential alternative source to treat diabetes with its multiple pharmacologic actions.\[[@ref7]\] Several phytoconstituents possessing antidiabetic activity were isolated and studied from many medicinal plants, but still scientists continue their research on medicinal plants to bring good antidiabetic lead or drugs to the healthcare community.

*Abelmoschus esculentus* (L.) Moench., synonym of okra, known in many English-speaking countries as lady\'s fingers or gumbo is a flowering plant in the mallow family.\[[@ref8]\] It is valued for its edible green seed pods. It is an important vegetable and widely distributed from Africa to Asia, Southern Europe and America.\[[@ref9]\] In Asia, okra is typically prepared as traditional medicine as a dietary meal in the treatment of gastric irritations.\[[@ref10]\] The plant has a wide range of medicinal value and has been used to control various diseases and disorders. The fiber in okra helps to stabilize blood sugar by regulating the rate at which sugar is absorbed from the intestinal tract. It is a good vegetable for those feeling weak, exhausted, and suffering from depression and it is also used in ulcers, lung inflammation, sore throat as well as irritable bowel. Okra is good for asthma patients and it also normalizes blood sugar and cholesterol levels.\[[@ref11][@ref12]\] Previous studies reported that okra polysaccharide possesses anticomplementary and hypoglycemic activity in normal mice.\[[@ref13]\] Also, okra polysaccharide lowers cholesterol level in blood and may prevent cancer by its ability to bind bile acids.\[[@ref10][@ref14]\] Based on the above scientific data, current literature research revealed that lowering of blood glucose and cholesterol levels by okra in diabetic condition is scientifically not yet documented. Therefore, the present study was aimed to investigate antidiabetic and antihyperlipidemic potential of *Abelmoschus esculentus* (L.) Moench. peel and seed powders in streptozotocin-induced diabetic rats.

Materials and Methods {#sec1-1}
=====================

Plant materials {#sec2-1}
---------------

*A. esculentus* (L.) Moench was collected from the local farm in Coimbatore, Tamil Nadu, India. The plant material was identified and authenticated by Botanical Survey of India (BSI/SC/5/23/2010-11/Tech.1907), Coimbatore, and the certificate was deposited at our laboratory. The peel and seed was separated and dried under shade. The above plant materials were made as fine powder using mixer and it was stored in an airtight container up to the completion of the study.

Chemicals {#sec2-2}
---------

Streptozotocin and all other chemicals used in this study are analytical grade and were procured from Himedia Laboratories, Mumbai, India. For the estimation of biochemical parameters, kits were procured from Primal Healthcare Limited, Lab Diagnostic Division, Mumbai, India. The glibenclamide received as gift sample from Orchid Chemicals and Pharmaceuticals Ltd, Chennai, India.

Experimental animals {#sec2-3}
--------------------

Male Wistar albino rats (150--200 g) were used to assess antidiabetic activity. Female Wistar rats (150--180 g) were used for the acute toxicity study. The animals were kept and maintained under standard laboratory conditions \[temperature (22°C ± 2°C) and humidity (45°C ± 5°C)\] with 12:12 h day:night cycle. The animals were fed with standard laboratory diet and allowed to drink water *ad libitum*. Studies were carried out in accordance with institutional ethical guidelines for the care of laboratory animals of KMCH College of Pharmacy, Coimbatore, India, after the approval (KMCRET/Ph.D/02/2010).

Acute toxicity study {#sec2-4}
--------------------

Acute oral toxicity of *A. esculentus* (L.) Moench. peel and seed powders were determined as per Organization for Economic Cooperation and Development guidelines 423.\[[@ref15]\] After the oral administration of AEPP and AESP, animals are observed individually at least once during the first 30 min, periodically during the first 24 h, with special attention given during the first 4 h, and 14 days regularly observed for toxicity determination of AEPP and AESP.

Induction of diabetes {#sec2-5}
---------------------

Diabetes was induced in overnight fasted rats by intraperitoneal injection of STZ at a dose of 60 mg/kg body weight in 0.1 M cold citrate buffer (pH 4.5). To prevent the STZ-induced hypoglycemia, rats received 10% dextrose solution after 6 h of STZ administration for next 24 h. Induction of diabetes was verified after 72 h by measuring blood glucose level with strips using glucometer (Accu-Chek^®^ Active, Roche Diagnostic Corporation, Mannheim, Germany) and the animals were allowed 14 days for the stabilization of blood glucose level.\[[@ref16]\] On day 14, animals having a blood glucose level higher than 250 mg/dL were considered diabetic and included in the experiments.

Experimental design for antidiabetic activity {#sec2-6}
---------------------------------------------

Animals were divided into 7 groups and each group consisted of 6 rats. The grouping details are follows:

Group I served as normal control received 0.2% carboxy methyl cellulose (CMC) (5 mL/kg).

Group II served as diabetic control received 0.2% CMC (5 mL/kg).

Groups III and IV served as AEPP 100 and 200 mg/kg treated diabetic rats, respectively.

Groups V and VI served as AESP 100 and 200 mg/kg treated diabetic rats, respectively.

Group VII served as standard drug, glibenclamide (5 mg/kg) treated diabetic rats.

The vehicle (0.2% CMC), AEPP, AESP, and glibenclamide were administered orally to the respective group animals for 28 days. AEPP and AESP were triturated with distilled water and glibenclamide with vehicle just before the oral administration. The fasting body weight, blood glucose level (Accu-Chek^®^ Active, Roche Diagnostic Corporation, Mannheim, Germany) was estimated at the end of every week.\[[@ref16]\] On 28^th^ day, overnight fasted animals received respective treatment and after 1 h all animals were anesthetized with ketamine (100 mg/kg, i.p.); blood sample was collected through retro-orbital plexus puncture and stored in containers with and without disodium ethylene diamine tetra acetate (EDTA) for the biochemical parameters estimation.

Biochemical parameters estimation {#sec2-7}
---------------------------------

The EDTA blood was used to estimate the Hb and HbA1c levels.\[[@ref17][@ref18]\] The serum was separated and its high density lipoprotein (HDL),\[[@ref19]\] total cholesterol (TC),\[[@ref20]\] triglycerides (TG),\[[@ref21]\] glutamate-pyruvate transferase,\[[@ref22]\] and total protein\[[@ref23]\] were estimated by commercially available kits using semi-autoanalyzer (Photometer 5010~V5+~, Germany). The low density lipoprotein (LDL) and very low density lipoprotein (VLDL) levels was calculated by the following equation:\[[@ref24]\]

VLDL = Triglycerides/5

LDL = TC -- (HDL + VLDL)

Statistical analysis {#sec2-8}
--------------------

All the data are expressed as mean ± SEM were evaluated by one-way analysis of variance (ANOVA), followed by Dunnett\'s test for multiple comparisons using prism Graphpad version 5.0 and values of *P* \< 0.05 were considered as statistically significant.

Results and Discussion {#sec1-3}
======================

The oral administration of AEPP and AESP did not show any toxicity signs and mortality up to 14 days during acute toxicity study. Both the powders were found to be safe at a dose level of 2000 mg/kg body weight. Therefore, to study the antidiabetic potential of AEPP and AESP, the dose of 100 and 200 mg/kg was selected. In animals, diabetes was induced after the administration of STZ due to its cytotoxicity on pancreatic islet β-cells.\[[@ref25]\] The selective toxicity on β-cell, by alkylation of DNA after the STZ injection, produces reduction in insulin level, which leads to alteration of glucose metabolism and utilization thereby causing hyperglycemia.\[[@ref26]\] Moreover, intracellular metabolism of STZ produces nitric oxide (NO) free radical and it further initiates the alkylation of β-cells DNA strands and its breaks.\[[@ref27]\] In our study, administration of AEPP (100 and 200 mg/kg) and AESP (100 and 200 mg/kg) decreased elevated blood glucose levels significantly (*P* \< 0.001) from first to fourth week compared to diabetic control rats. The AEPP and AESP at a dose 200 mg/kg showed significantly (*P* \< 0.001) more blood glucose reduction than its 100 mg/kg dose. Also, treatment of both the doses of AESP significantly (*P* \< 0.001) produced greater blood glucose reduction when compared to AEPP 100 and 200 mg/kg dose \[[Table 1](#T1){ref-type="table"}\]. There are many reports available to support the multiple mechanisms of antidiabetic plants to exert their blood glucose lowering effect, such as inhibition of carbohydrate metabolizing enzymes, enhancement of insulin sensitivity, regeneration of damaged pancreatic islet β-cells, and enhancement of insulin secretion and release.\[[@ref28]\] The AEPP and AESP may exert blood glucose lowering activity possibly above mechanism(s) and the antidiabetic activity of both powders was comparable to that of glibenclamide. A significant (*P* \< 0.001) body weight loss was observed after the administration of STZ and it may be due to the degradation of structural proteins.\[[@ref29]\] In our study, AEPP and ASEP treated animals showed significant (*P* \< 0.05, *P* \< 0.01, *P* \< 0.001) increase in body weight compared to diabetic control \[[Figure 1](#F1){ref-type="fig"}\]. This action may be due to the preventive effect of AEPP and AESP on structural protein degradation.

###### 

Effect of AEPP and AESP on blood glucose level in STZ-induced diabetic rats

![](JPBS-3-397-g001)

![Effect of AEPP and AESP on body weight in STZ-induced diabetic rats.(All data are expressed as mean ± SEM (n=6). ^a^*P* \< 0.001 All groups compared with normal control. ^b^*P* \< 0.001 Diabetic control compared to normal control. ^c^*P* \< 0.05 AEPP 200 mg/kg and glibenclamide 5 mg/kg compared to diabetic control. ^d^*P* \< 0.01 AEPP and AESP 100 mg/kg compared to diabetic control. ^f^*P* \< 0.001 AEPP, AESP (100 and 200 mg/kg) and glibenclamide 5 mg/kg compared to diabetic control)](JPBS-3-397-g002){#F1}

Glycosylated hemoglobin is formed through the nonenzymatic binding of circulating glucose to hemoglobin. Higher levels of glucose in the blood contribute to more binding and consequent increased levels of glycosylated hemoglobin.\[[@ref30]\] In diabetic condition, decrease in protein synthesis in all tissues and thus the synthesis of hemoglobin is also reduced due to relative deficiency of insulin.\[[@ref31]\] HbA1c concentration is associated with diabetic micro, macrovascular complications and risk of death.\[[@ref30][@ref32]\] In the present study, increased level of HbA1c and decreased level of Hb and total protein was observed in diabetic control rats than normal control rats. Total protein level was significantly (*P* \< 0.001) increased after the administration of both doses of AEPP and AESP compared with diabetic control rats. Also, administration of AEPP and AESP significantly (*P* \< 0.001) reduced elevated HbA1c levels and increased the Hb level in diabetic rats \[[Table 2](#T2){ref-type="table"}\]. The above actions indicate that AEPP and AESP have potential to prevent the diabetic associated complications.

###### 

Effect of AEPP and AESP on Hb, HbA1c, total protein, and SGPT in STZ-induced diabetic rats
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The liver damage produced by administration of STZ leads to leakage of SGPT from liver cytosol into the blood stream which in turn increases its level in serum.\[[@ref29][@ref33]\] In the present study, the significant (*P* \< 0.001) increase in serum SGPT was observed in STZ-induced diabetic rats compared to control rats \[[Table 2](#T2){ref-type="table"}\]. It represents that liver damage occurred in diabetic rats and oral administration of AEPP and AESP significantly (*P* \< 0.001) reduced the elevated level of SGPT, which supports its protective potential on liver tissue.

Hyperlipidemia was reported as common in adults with diabetes and it is characterized most often by increased triglyceride and reduced HDL cholesterol levels. This is generally observed in both type 1 and type 2 diabetes, representing the defect of insulin action in each, either due to inadequate secretion or resistance. It is well known that hyperlipidemia is accepted as an independent risk factor for cardiovascular disorders (CVD) in diabetic patients.\[[@ref34]\] Diabetes induced by STZ in rats significantly (*P* \< 0.001) elevated the TC, TG, LDL, VLDL levels and decreased the HDL levels compared with normal control rats. In the present study, administration of AEPP and AESP at 100 and 200 mg/kg doses to the diabetic rats showed significant (*P* \< 0.001, *P* \< 0.05) reduction in TC, TG, LDL, and VLDL levels than diabetic control rats. The HDL level was increased significantly (*P* \< 0.001) after the treatment of both the dose of AEPP and AESP in diabetic rats compared with diabetic control rats \[[Table 3](#T3){ref-type="table"}\]. These actions of AEPP and AESP directly support its ability to reduce hyperlipidemia in diabetes and hence, it may prevent CVD related to diabetes.

###### 

Effect of AEPP and AESP on lipid profiles in STZ-induced diabetic rats
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Conclusion {#sec1-4}
==========

The present study, for the first time, confirms that *A. esculentus* peel and seed possess blood glucose normalization and lipid profiles lowering action in diabetic condition.
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